The structure of the quark mass matrices in the standard electroweak model is investigated. The commutator of the quark mass matrices is found to provide a convention-independent measure of CP nonconservation. The question of maximal CP nonconservation is discussed. The present experimental data indicate that nowhere is CP nonconservation maximal. The traditional approach to the quark mass problem is to go beyond the standard model and assume specific forms for m and m' which, on subsequent diagonalization, yield the eigenvalues and the mixing parameters. Many models, based on this approach, are available in the literature and a few examples are listed in Ref. 2. Since the quark mass matrices are of fundamental importance one would like to gain an insight into their structure without making assumptions. A first step in this direction could be to try and determine the mass matrices from experiment. Evidently the latter approach can at most be partially successful because the knowledge of the eigenvalues and the mixing parameters is not sufficient, for this purpose. Nonetheless, it is possible to make some progress by noting that, in the standard model, it is always possible to go to a Hermitian basis for the mass matrices and, without loss of generality, to assume that m = m and m' = m' .
The structure of the quark mass matrices in the standard electroweak model is investigated. The commutator of the quark mass matrices is found to provide a convention-independent measure of CP nonconservation. The question of maximal CP nonconservation is discussed. The present experimental data indicate that nowhere is CP nonconservation maximal.
PACS numbers: 11. 30.Er, 12.10.Ck, 14.80.Dq One of the outstanding problems in physics is that of "explaining" the quark masses and mixings. The standard electroweak model, in spite of its dazzling empirical successes, provides only a partial solution to this problem by predicting that the quark mixing matrix is unitary. However, the values of the mixing parameters or the quark masses cannot be predicted.
For example, if there are three families the mass matrices m and m' (referring respectively to charge -, and quarks) are arbitrary three by three matrices. A gedanken diagonalization of these matrices is supposed to yield the quark masses, i.e. , UL mU?? = diag(m", m"m, ),
ULm'Uj? = diag(md, m"mb), where U"and U"', x =L,R, are unitary matrices and m~d enotes the mass of the quark j. Furthermore, the unitary matrices in (1) are not measurable except for the product UL Ul' which is the usual quark mixing matrix, ' predicted to be unitary.
The traditional approach to the quark mass problem is to go beyond the standard model and assume specific forms for m and m' which, on subsequent diagonalization, yield the eigenvalues and the mixing parameters. Many models, based on this approach, are available in the literature and a few examples are listed in Ref. 2. Since the quark mass matrices are of fundamental importance one would like to gain an insight into their structure without making assumptions. A first step in this direction could be to try and determine the mass matrices from experiment. Evidently the latter approach can at most be partially successful because the knowledge of the eigenvalues and the mixing parameters is not sufficient, for this purpose. Nonetheless, it is possible to make some progress by noting that, in the standard model, it is always possible to go to a Hermitian basis for the mass matrices and, without loss of generality, to assume that m = m and m' = m' . (2) -(4) follows that An essential feature of J, which makes it very important when discussing CP nonconservation, is that it is phase-convention independent as follows. One may redefine, at will, the quark mixing matrix by c= -iv" [D, vD (12) is obtained. All of these quantities are equal, up to an overall sign, because Vis unitary, Im( V11 V22 V12 V21 ) = Im( V22 V33 V23 V32 ) = .
( Vl 1 V22 V12 V21 ) .
The V~a re the elements of the matrix V in Eq. (4) 
If, however, n is odd, at least one of the eigenvalues must vanish and, therefore, the determinant also vanishes, i.e. , the commutator becomes singular.
For n =3, the eigenvalues of C, in the limit of Vbeing real, are given by ro=o, r+ --+ [-, ' Tr(C')]' '. (20) 2Re(v Va'2') l~v l'+ la& I' ' -1~Ep~1, (21) r -r r+r' 1-Ec~-In order to get an effect it is well known that at least two weak amplitudes with different phases are required. Furthermore, one must go beyond the tree approximation and include either final-state interactions or finite widths, etc. , which contribute with different phases to the two amplitudes. In addition at least four different quarks must be involved. Hence the simplest fundamental case that one can consider is just a transition involving four different quarks: two up-type quarks denoted by i and k and two down-type quarks denoted by j and l. Then the transition amplitude is given bỹ = ( V~Vk() A te ' + ( V"V,()3 2e (24) where the Vs are the elements of the mixing matrix;
A t 2 denote the (real) amplitudes and $t 2 are the phases due to higher-order interactions. Similarly, the amplitude for the CP-conjugate process is given bỹ
Equations (24) and (25) 
